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(54) Abstract Title 

Method of refining a hydrocarbon in a Ewanch wellbore 

(57) A branch wellbore 106 byiises equipment 222 which may be utilised for^prGcessing hydrocarbons 
doWnhole. Such equipment may utilise stored materials 223, eg. chemicals arid/or biological masses 
(enzymes). The production fluid may first be treated to remove a^iriy water and si^iids therefrom. The 
hydrocarbons rhay then be processed or treat«J to.produce other materials, such as octane, benzene, toluene, 
methanol etc. The processing wellbores, such as wellbore 106, may be located at any location, such as above 
each producing branch wellbores li Da, llOband 112. Additionally, multiple wellbores may be utilised to 
accomplish processing and treatment of the fluids downhole. 
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Title: MULTI-LATERAL WELLBORE SYSTEMS 
AND METHODS FOR FORMING SAME 

1. Field of the Invention 

This inventidh relates generally to \yellbore caonstr^^ more 
particularly to methods for forming multi-branched or hiuUNaleral wellbores 
from bne or more access weflbore. At least one access wellbore is formed 
substantially in non-producing subterranean formations. This invention also 
relates to methods of utilizing such wellbores. including utilizing the branch 
wellt>ores for storing various devices and materials for performing certain 
operations in the branch wellbores. This invention further relates to 
apparatus and method for transporting - equipment and materials from a 
source location to a desired wellbore br botween different wellbores. 

• i Backorourid^ the Art 

tq Obtain hydrocarbons such as oil and gas. wellbores (also referred 
to as boreholes) are drilled from one or more surface locations into 
hydrocarbon-bearing subterranean geological strata or fbrfhations (also 
referred to in the industry as the reservoirs) A large proportion of the current 
drilling activity involves drilling highly deviated and^or siJbstantially horizontal 
wellbores extending through the resen/oir. Typically, to drill a; horizontal 
wellbore into a desired formation, the wellbore is drilled from a surface 
location vertically into the earth for a certain depth. At a predetermined 
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depth., the wellbore is dog-legged into a desired direction so as to reach the 
desired fo^m^l|on. which is usually the jarget hydrocarbon-bearing or 
producing formation. The welllx)re is drilled horizontally, into the producing 
formation to a desired length. Additional dog-legged wellbores from the same 
vertical wellbpre.are also drilled in some cases. Som^, horizontal boreholes 
extend several thousand meters into the reseiyoirs. Jn rirjosl cases, however, 
a single, horizontal wellbore, generally referred herein as the primary 
. wellbore. meinjweHbore of access y/ellbore. is drilled to recover hydrocarbons 
. from different locations within the reservQtr.^ M 

from the main wellbore that extend, into selected areas of the producing 
formation or reservoir have been drilled , to increase production of 
hydrocarbons from the reservoir and/or to maxitpize tl?e total hydrocarbon 
recovery from the reservoir. Such a bran9h wellbore herein is referred to as a 
lateral Nyellbore and a plyrality of such branch ,welll?pres; e from a 

wellbore are referred to as, rnuUi-l^leral or rnu»ti;b^^^^^^ 

The primary wellbore and the multi.latere! weUbpres are generally 
drilled, along predetermined >vellbore pa^hs. which are. usually determined or 
plotted based on existing d^ta, such as seismic data and drilling data 
. available from previously drilled wells in the sarr^e or similar fonnation. 
Resolution of such data is relatively low. To drill such wellbores. operators 
typically utilize a drill string which contains a drilling device and a number of 
measurement-while-drilling ("MWD") devices. The drilling device is used to 
disintegrate the subsurface formations and the MVyO devices are used tor 
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; determining the properties of ^^m^^^ 

tJownHdfe driiling cohditiohs. _ Opidrators utilize the ififonnalion to Adjust the 

In many crises li fe d^^ ^pniriai^ wellboffe in a non- 

' ^ ^prodiicin^ thgrt drill l$r%TCh W latei^^^^v^ the 

pilmafy welibbre intb - m iargfel formMoh. lii-Sucii ba^s; ii is highly 
desirable to piafce'^fle primary \^^UB^^^ p3,^ 
' Which is at ^ knoWn distartce Worn the bdundaify of the t^t^k formations. 
Pnorart typibalry utilitSs iseigmic data and pnor wfellbore dat^ to decide upon 
the path for th^ primary Wfellb6c^e The tesoliJtiorv of such data is relatively 
pobf. Wireline todis cart be tb bbtain the necessary bed boundary 
information. \Aflreliht syslMs re^^^ stopbirtg the drilling operations for 
several hours arid are thu^ hbr very desirable. Nbrte of the |)rior art systems 
provide ih-situ 'detiBhT»iHa^^^^^ location of the bbuindary 6f the target 

producing fomnations relative to the wellbore being drilled. It is. thus 
desirable to determine reliativeiy accurately tHei Ibcatibh of the boundary of 
the target formaitioh relative fb the pHrti&ry Wfellbbre White drillihg thfe primary 
wellbore Such ihfbrmatioh can theri bfe utilized tb adjust the drilling direction 
to adjust the drilling dirobtion to form the wellbbre along an bptimiirff wellbore 
■■ ■ -patriV '' "■' 

As noted above. ciSiteht drilling rnethbds and systeiriS do rtot provide 
in-situ m^ans for determining the position of the target formation bed 
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boundary relative to a primary weilbore^that is drilled «. a nori-produdng 
formation along the target formation. Current directional drilling systems 
usually 6mproy a drill string having a drill bit at its bottom that is rotated by a 
motor (commonly referred to as the "mud mptor-^).. A plurality of sensors and 
MWD devices are placed in clos^ proximity to the drill bit to measure certain 
drilling; borehole^andformatior. evaluation parameters. Typically, sensors for 
measuring downhole temperature and pressure, azimuth and inclination 
measuring devices^hd a formation resistivity measuring device are employed 
to determine the drill string and borehole-related parameters. However, none 
of these systems allov. drilling an access wellbore at a known distance from 
the wellbore thai is determined- ^nd^ adjusted while the. access wellbore is 

biding drilled. 



15 



20 



UhUed Stains Patent Applicatidh Serial No., 60«>t0.652. flled on 
Janua^ 26. 1«96.. »t>ich is assigned to the assignee rt,«e present 
application ana Which is. incorporated t«feia*y reference. pro«des a system 
.or aritling boreholes Wherein *e: downM* 5ul««embly includes an 
acoustic MWD system in which a first set of acoustic sensors is utilited to 
determihe the acoustic velocities of the *prehole formations.during drilling 
and a second set of acoustic sensors for detemninlng bed boundary 
,nfor,«ation based oh the formation acoustic velocities measured downhole. 
teolators between the .ransmitters and .heir associated receivers serve to 
reduce the bddy wave and tube wave ejects. The present invention 
preferably utitizes the system disclosed in the United States Patent 
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Application Serial isfo. 60/010.652 to determine the location of the bed 
boundaries around thenprimary wellbore, including th^ b*)tundaries of the 
target reservoir relative to the primary vk^ellbore vyhile drilling the access 
wellbore. The drilling direction or path Of the prijrnary v^ellbqr@ adjusted 
based on the bed boundary information to jplac^ the i^o^rnaiYr.wellbore at 
bptiiirom distance from the target forrn^^^^ 

wetlbore is relatively- accurately known In relationvto. adjaGent f^M^matlons. It 
enables drilling branch Wellbores along Pptimum paths, .into, the target 
formation and the. non-^produGing formations. , . . „ . 



- «rt the prior art primary wellbores. a num are placed to 

facilitate: production of hydrocarbons and to perform workoyer services. Such 
devices occupy space in the primary v^rellbore. which may be utilized for 
improVirig the bverafl efficiency of the wellbore system. Such primary 
£^s/fellbores are ;^xpensive tb constaict/are relatiyely^^^^ 
hydrocarbons arid afe obstructive if major workoyer Is required after the 
completion of such wellbores. It is desirable to haye, branch vyellbores for 
storing varioeis types of equipment .and^ maTerlals/^ dQ^^?nhoIe> including 
retrievablfe devices which may be utilized for .peffprming downhole 
operations. It is also desirable to Jeave the primary ,welll>pre substantially 
free ofrany equipment and materials which. may be, placed outside the main 
wellbore and to utilize the main wellbore prirparlly for transporting fluids 
during the production of hydrocarbons. This may be accomplished by 
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Storing certain devices in' th^ storage wellbore and by installing the fluid flow 
coritrol devices erttirely in the individual branch vk^ellbores, 

It is ^ common practice to form a seal around an area at the 
iht^rsectidri of the primary vi^llboreh&nd *he br^^ The seal is 

usually formed between the intersecting wellbores; and the fonpation. Since 
the prior art branch wellbores are formed from the primary wellbores placed 
V in the producing fbrmaiions, the seals -are fomjed entirely within such 
prodiicing formations: Seals formed in the producing formations tend to be 
less durable because^ such formations typically are relatively porous and also 
^ because of the presence of depleting hydrocarbons.. It is therefore desirable 
:s to fofrt* such seals entirely within the nQP-prpdueing formations. 

^ < United States Patent Applications Serial No. ,08/41 1.377. fiJed March 
27. 1996 and: Serial No. 08/469.968. filed June 6. 1995. both assigned to the 
,v assignee of this application; which are incorporated herein by-reference in 
their entirety, disclose forming branch y/ellbores from a primary.- wellbore. 
. . wherein some of the branch wellbores are drilled outside .producing 
formations or the reservoirs for storing . chemicals for treating the 
hydrocarbons downhole and for re^injecling water intq secondary formations. 
Such wellbore construction, solves some of the problems with the above- 
noted prior art wellbore. However, these methods dp not provide wellbores 
for storing retrievable devices therein which may be utilized downhole at a 
later time, such as for performing completion operations, perforating, or 
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performing woiKover tasks or transferring pertain ■ chemicals from such 
storage weHbbr^s to anotherjocation downhole dupi^ drilling of Isranch 
wellbores or at a later time, such as after the hydrocarbon production has 
started. Additiohally, such wellbores do not provide for forming seals which 
lie outside the producing wellbores or primary :wellb0^^ utilized 
primarily for transporting fluids during the production Phaser ^ . 

^ The? present; invention addresses > the aboyernoted problems 
associated with f©rmatioftr and use of roulti-latera! welibpres and provides 
methods for fbrming muitl^lateral weltoores froni a primary wellbore which is 
forced substantially iri a noh-prododrig fo The distance between the 

primaryAWellbore and the target fohniations is determined while drilling the 
primary wellbofe. preferably by acoustic means. The drilling path of the 
r prirtiaiy weilbore is altered or adjusted based on the in-situ distance 
nieiaguremerttg to place the primaiy weilbore along dn optlmam path. The 
iateral wellbores are drilled fronfi the primary weilbore in the non-producing 
formations and producing formations. Seals are formed alithe intersection of 
Ahe lateral wellbores and primary weilbore entirely in the non-produang 
formation. Lateral wellbores are utilized for a variety of purposes, including 
for storing equipment and for processing and treating fluids downhole. Fluid 
' flow control devices are pteced outside the primary weilbore. The primary 
weilbore is utilized primarily for flowing the hydrocarbons. 
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c^lUUlMARYQ gTHF INVENTION 

The present invention provides, methods and systems for forming multi- 
lateral wellbores. In one method.,a: primary, or aa^ss -.wellbore is formed 
sgbstamially in 3 non-produGing fprmat^^ At least one procfuction branch 
wellbore is fom^ed from the access wellbore into a^ hydjocarbon-bearing 
formalion for recovering hydrocarbons from such a fetation. At least one 
branch wellbore |s fomied for storing, retrievable ^pparatu may be 

utilized laier for performing a.o.pper^ti^n do^^^^ Additional lateral 
wellbores may be formed from the acces^ >^llbore or the branph wellbores 
for storing thereiri; materials and equipn^en^ may be utilized downhole 

later. One such Nanch wellbore may, be formed for storing certain chemicals 
that are selectively, discharged into the hycjfocarbons during production, 

, Anpther.branch welll>pre may be formed tp^^^ont^in a fluid separation system 

.^,ior separating dov^hole hydrocarbons 
. hydrocarbons from other fluids, such as^ v^^^ : „ 



The present invention provides for forming seals between the access 
,>vel!bore and .the production w^t^ores entirely in the non-hydrocarbon 
bearing formations. Additionally. flPV^ Qpntrpl apparatus for controlling fluid 
flow from the producing formations tt»rough the production branch wellbores 
.. . . nnay be located entirely outside the.access wellbore to facilitate the fluid flow 
through such production branch wellbores. 
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The pi^iictic&i Other branch wellbores are 

completed. Hydrocarbons then flow from the producing formations into lheir 
assdciate production wfelibb^es. m<M munr.|ateral wellbbre- construcbon 
allovt^ :utnizin0 "the access wellbore for primarily transporting fluids during 
pfodudioh of hydrocarbons arid-^^^^ 
ahd-"'cir'k§n/ic6'op6ralloif1^^^^ ■ • 



Ih afhbthef nveihdd 'fcjf the present iriVehlten; thfe disterii^ between the 
accfei^ %ellbbir^^ &hd the producing fbrtttatifehg fS^determined during the 
drmiria Of the ^cce^s wellbore. In tme mfethdd acoustic sensors deployed In a 
drilling assc^mblyar^^tiiiiymdr deteffl^^ between the access 

weWbofe and th^ desrrdd f^^^^^^^^ ^rv aUerhative method seismic 

measurfement^ detentiihlria^ such distance vi/hll^ drilling the 

i6S»vifeHbbi^. TT^di^ 

-drilling p^thbfnHe^ a^ess Wellbore either from the surface or ^deploying 
devices that would autbHrmfit^lly adjGSl th^ drilling on the 

computed distance. 

■ The methods of th^^^^^^^^ prbvide for relrievirig the stored devices 

iri the brancH^^etfbores for pferforrtiing a function downhole: The stored 
devices may include deVicei fbr driilirig wellbores. for perforating wellbores. 
for performing wellbbre compfetiori operatioris. for perfom^ihg workover 
operations and for taking wellbore measurements. 
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The present invention further provides a system for transporting 
devices or materials to and from any desired l?ranch wellbore. 

Examples of the more important features of the invention have been 
summarized rather broadly in order that the detailed ^iescripMon thereof that 
follov^s may be better uhdecstopd. and ip order that the pontril?utions to the 
art may be appreciated. There are. of course, additional features of the 
invention that will be described hereinafter and which will form the sut^ect of 
the Qiaims appended hereto, 

ppfpc npc^f^RIPTION «^tr TMF DRAWINGS 

For detailed understendin^ pf the present invention, references should 
be made to the following detailed description of the preferred embodiment, 
taken in conjunction with the accompanying drawings, in which fike elements 
have been ^iven like rivmerals.whereirn: 



FIG. 1 shQws,a schematic illustrati 
,0 a non-producing formation while determining the location of, the target 

formations relative to the access wellbore. 
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FIG. 2 is a schematic diagram showing the formation of lateral 
vweiibores formed from the primary access wellbore at selected places into the 
non-prdducing arid producing formations. > 

FIG. 3 is a schematic diagram show of seals at the 

^ inlersedtibri of the primary wellbbre and th^Jbranch wellbores thar^are placed 
eritii^l^ in thfe rK^n-pfbdudhg ' . ^ , 

FIG.4 shows the placement of rg^^^^ 
chemicals in a separate branch wellbofev^and processing apparatus in yet 
another separate branch wellbore. thereby enabling utilizing the access 
wellbdfci priWiariiy br^ 

-FIG. t is a schematic Oiagr^mmnQ Ih^ #lacerffent of flow control 
appaf atWbuts ide^^^^ 

FIG. 6 is a schem^tlfc di^i^W ihdWirig ^the forina of 
interconnecting access wellbores in a non-producing and producing 
formation, wfierein lateral productibhmilbdre^ are formed from the access 
wellbore in the producing fbririatioh: : r v . , 

FIG. 7 is a schematic diagram showing a primary access wellbore 
which avoids certain producing fonnalions and which is drilled into a certain 
producing formation. 
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FlG. 8A rs a schematte diagram Of the primary a«;ess wellbore with a 
multi-concentric tubing for flowing fluids therethrough. - 

FIG. 8B IS. a, schematic diagram of the priniary access \yellbore with 
multiple tubings placed therelnifor flowing fluids ther^eth^^^ 

FIG. 9A is a sehematic diagrgmof a iran$pprfc:syst^m for userin placing 
devices and materials in the branch^wellbpFes. , 

T FIG. ?B is a side ©f, the transport systenri of Fl^v^B. , ; 
; nPTAILED DFgr.RIPTIQN O F PREFERRED EMBODIMENTS 

In generatjhie, present metitiotx^pro^s jr^^ and systems for 
fonning multi-lateral . wellt>ore5 |roq.,^^^^^ access wellbores. 

FIGS, 1:5 illustrate j^fortr^tipn of lateral^w^Ubores from an ac^s^ wellbore 
that is formed prlnriarily in a non:;produdrp fprmatipn. FIGS, 6 and 7 illustrate 
examples of forming branch wellbores from Recess wellbores formed in both 
a non-producing and a producing formation. Branch wellbores made from a 
single access wellbore are f.rst described followed by the formation of branch 
wellbores from multiple access wellbores, Apparatus and method for 
transporting devices and materials into the wellt>ores is described thereafter. 
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> y c - V FIGri shiOws a schematic d^^^^ drilling system 10 for 

drilling wellbores;V0ffi5horfe: Tbe cirrlling system 10 includes a drilling platform 
12. a drill string 30 having a drilling apparatus and various measurement- 
SWiile^riliriig al1ts- 4>6ll6m 'end The combination of the 

drilling at>f«r^^g^ah<f th^ MVVD devices are sometimes referred to herein as 
the "downhole assembly" or the "bottomhole assembly" or "BHA" and is 

-i--^ denoted rtQfheral 45r™ bbt«6mhole a for drilling an 

access wellbore 20 through thet subterranean formations and for making 
measurements relating to the subsurface fomiations and drilling parameters 
during thetHlling of the addess wfeHbore 20: The drilling platform 12 includes 
a derrick 14 erected on a floor 16 which supports a rotary table rotated by a 

includes a tubing 32 that extends downward from the rotary table into a 
primary dp main abclM^^ A^bBlitoriflPiole assembly 45 is attached 

to the bottorn eriy of ihe tubing 3fV^ the drill string 

id is coupled to rWaw swivfel #id liriJ through a 

syltem of pulMio hold thi^ drill jjip^ 32: Su6h elements are well known In 
the art for forming weifcores^^a^^^^^^ or described in any 



dfefail. 



A coritroi uhil 40 is preferably placed bri thfe piatforrn 12. the control 
unit 40 receives signals froin the MWb devices and other sensors placed 
downhole and on the surface, processes such signals, and aids in controlling 
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the drilling operations accbrdirig to programmed instructions. The surface 
coritrol unit 40 includes devices for displaying desired drilling ^parameters and 
other information, .which information is utilized by an .operator to control the 
; drilling bpei^ti6ns; > The sufface control unit 40 contains a computer, memory 
for storing data. data recoPder and other peripherals. The: surface control unit 
.40:v:also: includes, models and processes data according to programmed 
, instructions and- respDrvds .ta user , commands, entered Al^rpugh -a suitable 
.means, such as a keyboards A number of alarms 44 are,, coup^^^ to the 
control unit 40; which selectiy^ely activates such; alarms- when eertain unsafe 
or undesirable operating conditions ocGwr. Such control systems are known in 
; the art and. thus;.;are not described in 

, The bottomhole assembly 45, preferably includes a drilt motor or mud 
motor 55 coupled to: a drill bit 50 via a drive shaft (not shown) disposed in a 
bearing assembly 57 ifor rotating the drill bit 50 whea a fluid 31 is passed 
through the mud motor 55 under pressure. A lower stabilizer 58a is provided 
near the drill bit 50. which is preferably^placed over the bearing assembly 57. 
to acts as a centralizer for the lowermost portion of the boltomhole ; assembly 
, 45. Additional stabilizers, such as a stabilizer 58b. are suitably placed along 
the boltomhole assembly for providing lateral support to the bottomhole 
assembly 45 at desired locations. 
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Still refemng to FIGi t.^^^^m^^^^^ preferably contains a formation 
resistivity device 64 for delemining the formation resistivity near arid in front 
of the driH bit 50, a gamma ray device,65 for measuring the; formation gamma 
ray intensity .and an iineHnation measuring device (inGtinometer) 74 for 
determining: the inclination and azimuth ©f the bottomhole assemi^y 45 The 
resishvity>deviGe64^^ontatnsienB;(^^ 

anreSb spaced from dhe or^m pairs of receiving antennae 68a and 68b 
Mafgnetie di^olfe^^^^^ in the medium frequency and 

Idwer high frgqubncy spectnim; In operation, the trahsmitted electromagnetic 
waves are perturbed as they propagate ihrougte the formaUon surrounding 
the resistivity device 64; I^S receiving antennae. 68a .and 68b detect the 
perturbed waves. Fomiation resistivity is derived from the phase and 
amplitude of the detected sign&ls. Signals^ from these devices and other 
sensbfs are pfoce?ssed by a downhble circuit and transmitted ta the surface 
cphtror unit 40 preferably a suitable two-way telemetry system 72. 

^^^^^ ^ 1^^^ arid the gamma ray device 76 are preferably 

placed along the resistivity measuring device 64 for respectively determining 
the inclination of the portion of the drill string near the drill bit 50 and the 
formation gamma ray intensity ■ Any suitable inclinometer and gamma ray 
device may be utilized for the purposes of this invention. In addition, an 
azimuth device (not shown), such as a magnetometer or a gyroscopic device, 
may be utilized to determine the drill siring azimuth. Such devices are known 
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,n the art and. thus, are not described in detail herein. In the above- 
described configuratiori. the rpud motor 55 transfers power to the drill bit 50 
via one or more hollow shafts that run thrpugh . the resisUyity measuring 
device 64. The hollow shaft enables the drilling fluid to pass frorn the mud 
... motor 55 to the drill bit 50. Irvan alternative embodiment f)f^e dfilj string 20. 
the mud motor 55 may be coupled below resistivity measuring device 64 or at 
any dther suitable place. 

Th6 ddwnhole assembly 45 preferably includes a section 78 which 
contains an acoustic system 70 for determining the distance between the 
access wellbore 20 and adjacent formations, such as target or producing 
(hydr^^carbon^bearing) formations 82 and 84. Producing formations are also 
- referred herein as reservoirs. Thfe acoustic system contains transmitters and 
= one or more sets of receivers (not shown). IFbe system is adapted to transmit 
: acoustic si^hals at a desired number.^ frequePQies or by sweeping 
frequencies in a given range. The transmitted acoustic signals Reflect from 
. the formatl6.is 82 and 84 and the reflected signals are detected by the 
: receivers. The detected signals- are processed to, determine. the distance "d" 
between the access wellbbre and the target formations. . The frequencies of 
-the tfahsmitted Signals are chosen to obtain a desired depth of. investigation 
and the resolution. Such a method enables in^silu determinations of the 
distance between the bed boundaries of the target formations 82 and 84 from 

the bottorhhole assembly 45. 
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United States Patent Applicatroii Serial No. 60/010,652. which is 
assigned to the assignee of this invention and which is incorpprated herein 
by reference in its entirety; discloses an acoustic system for determining the 
bed bdurtdaries from a bottomhole assembly. The present invention 
preferably utilizes such an acoustic system for determinina the distance d: 
The present invention, however, may utilise: anyaother knovvn- system for 
determining the bed boundary information. Such systems may include 
seismic methods in whicl>rreceivers are deployed in, drill string or the BHA 
and a source is placed atrthe earth's stirface or vice yersa. 

StiH referring tofFIG.; 1. the, section 78 also includes devices for 
determining the formation density, formation porosity and other desired 
formation evaluation parametersv The section 78 is preferably placed above 
the mud motor 55. Such devices are known in the art and the present 
inveniion may utilize any such devices. These devices also transmit data to 
the dowhhoie telemetry syi5tem 72iswhich in turn transmits the received data 
uphole to the surface control unit 40. The downhole telemetry system 72 also 
receives signals and data from theruphole control unit 40 apd transmits such 
received signals and data to the appropriate downhole devices. The present 
invention preferably utilizes a mud pulse telemetry techniqueclp communicate 
data from downhole sensors and devices to the control unit 40 during drilling 
operations. Any other communication system also may be utilized. 
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Still referring, to. FIG. 1_. in one rnethodl,,of fpnining y^ellbores. the drilling 
system 10 is utilized to drill the access wellbore 20 through a non-producing 
or nort-hydrocarbon-bearing: fprmaliqn 80 along, a predeternrjined wellbore 
path a certain, distance from the hydrocarbon-t>earingi^.:f9rmatipns. such as 
formations. 82 and 84. Such a predetermined, vi^ellbpre c^^^ typically 
defined based on prior information, such as seismic data and data relating to 
prior wellbore formed in the same or nearby geological formations. During 
the drilling of the access wellbore 20. the . acoustic, device 70 continually 
determines the-distance d between the wel|bore.2p and the. target formations 
82 aod 84: As noted earlier, prior art systems do not attempt to drill the 
access wellbores primarily in a . non-producing formation and also do not 
determine the relative location of the target fonnations while drilling the 
access wellbore. In the present invention, the ,bed .bpundary, information 
obtair^ed by the bottomhole a^ssembly 4& utilized to adjust the 

drilling direction of , the access wellbore 20 frpirx the, surface or by deploying 
self-adjusting apparatus doyymhole. that may l>ex9ptrplled from the surface or 
which is selfractuating based pn ttie distance d detennjned by the bottomhole 
assembly 45 and the desired distance.. , Such method enable drilling the 
access wellbore along an optimal wellbore. path and enables adjusting the 
drilling path bases on relalively . accurate iri-situ rneasur^ments taken during 
the drilling operations. 
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Typically, the access wellbore. such as the welibore 20, is 
sufastanlially lai^^flr than thfe lateral weliboTes that are to drilled from the 
access Wellbore. Therefore, access WellboreS reqtiire Use of large rigs 
which are expertjsive to operate. Thefefone; it fe desirafc>le id first drill the 
acdess wfellbbre tb a sufficiem distune the surface and then drill lateral 
Wellbores by utilizing smaller figs, whichv ^re usually referred to as the 
wbrtcovigr if §sl ■ •■ 

ThiEi aocess #ellbbr^%a ig^prfefera^ 
entirely in riort-prddutijng fdrrihations for reasons which are more fully 
explained later- Once the access wellbore 20 has been formed; to a desired 
depth, a desired number of non-production lateral or branch wellbores are 
formSd from the access wellljore 20. As an example and not as a limitation, 
Fid. 2 shbw^^n fe^mb'e 6f forming non-production branch wellbores. Non- 
productibn branch v^ellbbrfes 102r104 and 106. each having a desired reach 
ior depth, are shdvMl fbfmed'frdm the^ 20 into the non- 

fjrbducing fbrmatiort 80. Wfellbores t02. 104 and '106 respectively intersect 
the wellbore 20 at locations 103. 105. iand 107: The rtonipi^bduction branch 
wellbores rh^y also be fofrhfed from prbduetfon brahch wellbores 110 and 
112. The noh-productibn wellbores may be utilized fdf a vahety of purposes 
as expiaihiecl in more detail latier with reference to Fids. 4 arid 5. 
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It is desirable to form the branch wellbores ia a non-producing 
formation because they usually are less porous than the producing 
formations and are. thus, harder than the producing formations. The non- 
producing fomiations. thus, enable forming , stronger md more durable 
5 wellbpr«s less.expensiyeJy. SQrrie <)f,,sHch,.w^^^^ 

formed in the. producing formations. In addition, to the desired non-production 
wellbpr^s t&2. 1.04. and 1.06. a desjred number of ppductiqn wellbores are 
formed frprn the access \A?ellbore,2Q,iptD th^ prpiducing^fprmatipns 82 and 84. 
As ia^in example. and not as any Hm|latipn>,;FIG. 2„show^ the fprrnation of two 
,0 prcKJuction wenbores .1^0p anrtJIO^^^^ frqrn locations (points of 

intefs^ction) 111a and 111b at he accessfwellbpre 20 into the producing 
formation 82. Similarly, a production Ipranch wellbpre 112 is formed from the 
access wellbore 20 into the: producing formation, 84. Knowing the distance of 
,:, ihe. producing formations 82; and. 84 from the access wellbpre 20 enables 
,5 planning and.drilling the . branch, wellbpres 110a. and , v1 12 along 

optimum wellbore paths. 

It is known in the art that it is desirable to drill the wellbores in the 
producing formations, such as formations 82 and 84. with a drilling fluid that 
20 ^ is different from the fluid utilized for driHing the wellbores or portions thereof 

in the non-producing formations. This is due to the fact that commonly used 
drilling fluids for drilling wellbores through the non-producing formations can 
cause productivity impairment in the producing formations, tf this occurs, this 
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usually requires stimulatr^^^^ fdrtnatibo to allow the producing formation to 
reac^ its maximum potehtial. _ 

Tlie fluids used, fdr di^illin^^^^ 
5 in thw art as the *drilWn^ ff^^ Cuirfent methods require having =tw^ 

fluid systisms: The wellbore fluid is fehanged each time ia drilled 
to a pfbdticirt% rbrtfiation. the^'exarhple orFKB.: 2,m dnHI%/fiijid would 
biB chahged-v^Hieri this brarti^^ ^^q^. 
The dnlHn^ fluid ^vill agiln be e*i^ng6d when 1116 brancti-wellbbre 11 Oa has 

10 been drilled and the dHllihlg' is c^jritirtufed t6 tirill Hie afetiess Wellbore 20 past 

the branch wellb6?(§ 110a: ThUsV for4 purpose of this iriVefillon. it is 
^>referr(Bd that tl*5'' vi^^ both the acc^iss wellbbrfe and the branch 

wellbbres; first bfe fofrrieKd in the non produd extent 
practical by utilizing brte type of dHlling fluid and then; changing the fluid to 

15 drill: the bi-anch ^/i>ellbor#s Ih; Ihe producing formations. Thusj th»e present 

invention requires changing the drilling fluid only onc^^i^e., aftefJthe access 
wellbore and other branch welibores have been drilled into the non-producing 
formations to the extent practical 
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After drilling the bcanch welibores as described above, seals are 
formed at respective branch wellbore Junctions with the access wellbore 20. 
FIG. 3 shows the formation of such seals. As shown, seals 154 and 156 are 
respectively formed at the intersection of the access wellbore 20 and the non- 
production branch welibores 102 and 104. It may be desirable not to form 
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any seal between certain branch wellbores and the access wellbore 20 as 
shown for the branch wellbore 106. Similarly, seals are formed between the 
access wellbore 20 and the production branch wellbores 110a. 110b and 
112, As noted earlier, since the rocks are. usually hari^er in the non- 
producing formations, such as the formation 8Q, it is preferred that the seals 
.for the -production wellbores. such as wellbores 110a. llOh and 112. are 
formed entirely in the non^producing formation 90- Swch. seals are easier to 
iorm and are more durable. Various types. of seals and methods of forming 
seals are known in the oil and gas industry, For thepurpose of this invention 
any such seals may be formed. 

' Still refen-ing to FIG. 3. the production, wellbores are completed at 
, ^^esired zones. F,pr example, wellbore 11.0a is completed at zone 162a for 
producing hydrocarbons from the formation 82., Additionally, the wellbore 
110b is completed at t>vp locations ^ ^r^ 1^2b" for producing additional 
hydrocarbons from the format.oa 82. Similarly., wellbore ,112 is shown, 
completed, at a zone or location 16/1 for ppducingi hydrocarbons from the, 
formation 84. It should be not^d that any number of wellbores may be formed 
„ in each of the producing: formations and ea^ such wellbore may be 
completed at any number of zones fpr optimizing the production of 
hydrocarbons. Furthermore. any.su.table compleliqn method may be utilized 
for performing qompletf on operations^ . 
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shows Ihetdm^^^ 104 and 

106 and sdme examples of how such wellbo^^ be utilized WeJIbore 

102 Is shown td coniain a hner or casing 202 for protecting the wellbore from 
collapsing. Ih certain hard fohtiatibns and/or certain shallow Wellbores it 
may not be necessary to use such methods for protecting the Wellbore. In 
FIG. 4. wellbbr^ 102 is shoWn kts 'a place for storing devlcei. The stored 
devices ar§ denoted generally by numeralx204. Once the desired number of 
storage wellbores, such as wellbore 102. have been suitably ccompleled. 
devices 204 may be convisyetf into and retrieved therefrom as desired. As 
shown in FIG. 4. devices 204 may be conveyed Thtb^^m stbra^^ wellbores 
102 via a casing 240 placed in the access wellbore 20 and a suitable 
closable opening 205 between the access wellborfe t02 and the casing 240 
by any suitable method/including by coiled tubirtfi^. the devl^g ^04 may be 
sei^propellec^ and may be activated Wcmi a r^btb lo as the 

stfrface or a location 1h any of 1h6 wellb6r^s ViS^ # a5h>munlcation 
apparatus.' t^^^ a devibe would Cdntifn certarrr^^^^^^^ of local 

ihtelligence: The devices 204 may be programmed to sfelf^aetOate upon the 
ocitaiirrertce of a condition to perforhi an operaiti^ dowhhdle: Thus, the 
devices 204 may be autonomous The devices 204 may be retrieved from 
the wellbore 102 for performing a suitable operatfoh dowrihble: Examples" of 
the devitiB^ that may b^ stored in th^ storage Wellbbres include: (a) 
botlomhole assemblies, which may include a drill bit. drilling motor and 
measurement-while drilling devices (b) individual measurement-while-drilling 
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devices and/or' other sensors for use in determining formation, drilling. 
5 weiibore and production parameters, to) -devices for u^e in completing 
wellbb^es. (d) perforating devices, (e) packers., (0 compressors; (g) pumps; 
- (h) :pferforating devices; (i) flow control devices; and (j) other devices that may 
be utilised downhofe during the tprmstion of .the wellbores described above 
ana/or fof later use during the production of bydrcK^^ target 
formations- > --^ -: -- ■■z,.^.\. 

; still refferrin9.4o.FIG. 4. me pon^production branch wellbore 104 has a 

,3 : iuncUon.154,and is lined ^^rith ^. casing ;?Q^,, This w^^^^ lo house 

.material..208.:^hich may be/utilized for processing or treating fluids 
, , . dov^Hole. , The stored materials 208 may include chemicals, and/or biological 
„ . .rnas-ses (enzymes). The chemicals and/or biological masses may be utilized 
Tor treating downhole fluids lo alter the yiscosity.^ to change, the chemical 
- composition b. Chemical make^MP. 0^^^ dpv^hole., Ke.. in ,pne of the 

wellbores. In pract.ce. to treat the downhole fluids with the stored materials. 
. , ;^ such . materials may b^ controllably released/.nto. me access wellbore 20 
; through a release path 21Q, and a suitable cpntrol device 207. Alternatively. 
. . the fluids frbm the access wellbore 20 may be passed into the wellbore 104 
Via a suitable line 207' for treatment with the stored materials. The treated 
. fluid3 may theh be returned to the access wellbore 20 via the fluid control 
device 207. The fluids may be treated to alter the viscosity of the downhole 
fluids so as to reduce drag, change the chemical structure and/or chemical 
make-up of the downhole fluids, including the hydrocarbons. 
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In FIG/4, the branch \rt«l|bore 196 is shpwfv to pontain equipment 222 
and materials for processing and/or treating fluid% dov/nhole. Additionally 
matenatSi such as chemicals; and -biologic denoted by 

numeral 22a,: may also be stored foit us^, vwth the equipment 222. The fluids 
219 may be passed from the access? wellbere^ZO into the^w^^ ^qq 
suitable conduit 225a. The equipment 222 treats or processes the received 
fluids 219 and discharges the treated fluids either back into the access 
wellbor^ 20 or 16 another ^va^bof#^Xnol ShoWn)i^ equipment 222 may 

ihclijde etjuipment for se^iratihg dbWnhble fluids; into various constituents, 
s^ch as sdtids- wbter. oit arid g^sl In one embbdimenti water may be 
separated from oil and gasi Th¥ separated ^water may be discharged into a 
dump wellbbre (not shown) and the oil and gas. may be returned to the 

^ accef^s wellbore 20 for tr^risport&ttoh^ to^^ This allows for more 

^ e^fffclent fransportalibn of hydrocar^ 

in ahothef embodiment;^^^^^^^^ toe the equipment 222 inay 

Fnclude equipment and for processing hydrocarbons downhole. Such 
Equipment' may utilize chemicals or other materials 223 for processing the 
hydrbearbohs. As an example, production fluid may first be treated to remove 
any #ater and solids therefrom. The hydrocarbons may then be processed or 
treated to produce other materials. , such as octane, pentane. toluene, 
benzene, methanol, naphtha, fuel oil, gasoline, diesel. jet fuel, lube oil. 
asphalt, etc. Processing equipment, chemicals and/or biological masses 223 
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may be utilized to produce such materials.. It should be noted that the 
proeessins wellbores., such as the wellbore 106. may be located at any other 
desired location, such as above each of the producing branch wellbores. 
such as wellbores 110a. 110b and 112. Additionally, multiple wellbores may 
be utilized to accomplish the: processing, and treatment, of the fluids downhole. 

For example, one wellboresmay be utilized to remove, solids and water from 
the fluids and another wellbore for treating and/or proc^^^^ the 
, hydrocarbons. Thus, . one pf the purposes pf such.wellbores- may be to 

eliminate or reduce the processmg of fluids, and/or hydfocarb^^^ the 

surface. Additionally, heating equipment ancl el^^^^^^ equipment may be 

utilize^in a branch wellbqre to treat /orjiter th^^ 

Still referring to F^IG. 4. the bra^^^ 
may be^ uUHzed to c^ntaip equipment such as compressors for compressing 
any gaseous vapors in the fluid downhpJe, Such compressors may be utilized 
to compress the gas and discharge the compressed ^as into- a producing 
formation to aid the production of hydrocarbon^ from such a formation. 
Alternatively, the gas may be compressed into a liquid form and discharged 
into the access wellbore 20 for transportation to the surface. 

In the. present invention, the non-production wellbores 102. 104 and 
,106 are preferably, but not necessarily, formed entirely or substantially in the 
non-producing 1orrT.ations. ^ The non-production wellbores are preferably 
utilized for performing desired operations downhole for improving the overall 
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efficiericy of recovering and/or processing hydrocarbon recovecyi improving 
the life of the varibus wellbore^ and/or reducing costly operations at the 

•■■■■■surface.."- 



5 ' P»<^'^^5^^^^^^^ devices 

' outside^both the primary iafeeess weilbore 20? and the . produdng formations, 

andthe plademerit of procfessirtg^^^^^^ 
' In the example 6f FIG: 5. a separate fluid flow control device is placed in each 
6f the productidh wellbores 1 iOa. 1 iOh and 112; Accordingly, flow control 
10 devices 300^ and 30bb are respectively fjlaced in production wellbores 1 1 0a 

^ ■I'' white a flow cbhtror de\/i6e 304 is placed in the Wellbdi-e 112. The 
fluids recovered from the formations 82 and 84 pass to the access wellbore 
via these control devices, the fluid coritrdi devices 3l60a; 300b and 304 may 
be controlled from the surface. These flow OTntrdl deyibes 3 300b and 
304 are preferably remotely and indepenBehtiy controlla^^ control 
unit 40. These flow control devices are adjusted to dptimize the production of 
hydrocarbons from the various producing formations. This also allows 
shutting down a specified production branch wellbores to perform workover or 
service operations. The flow conlrdi devices 500a. 3b6b and 304 may be 
made to communicate with each other so that they may automatically adjust 
the fluid flow from their associated wellbore according to programmed 
instructions. These devices may also l>e programmed to completely close If 
certain predetermined adverse conditions occur. Addifiohally. these flow 
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control devices may be operated as a function of certain parameters of 
interest, such as the pressure in the branch wellbores. 

StjII referring to FIG. 5.>the abpyernoted devices may be deployed in 
the primary access wellbore 20. Devices placed in the prirnary wellbore are 
ge^perallyvdenqted by numeral 307, Such devices may be us^<^ for treating 
and/or processing. fluids.,<lpwnhple as described aljpve in:,,.nef6rence to 
equipment 222 .(Fia. 4). The, equipment. 307 may be^ utilized alpne or in 
conjunction v/iUi materials (chemicals, etc.);, s^ore one, of the branch 
wellbpres. such as v^^ellhore IQG. The prpcessing and treatment of the fluids 
may be,done in the mawer described earlier. 
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Th^e use of non-producing wellbores to store devices and rr^aterials to 
perform desirpd operations, and the use of flpw control devices outside the 
15 access wellbore allov/s the access wellbore to be maintained sut>stantially 

free from devices that.are not ulilized for flowing fluids through the access 
wellbore. In other words, during the production of hydrocarbons, the access 
wellbore remains free of devices and materials v^ich might negatively affect 
the flow of hydrocarbons to the surface. 



The discussion thus far has related to the formation of multi-lateral 
wellbores from a primary wellbore that is formed primarily in a non-producing 
formation. In some applications, it may be desirable to form more than one 
access wellbore. FIG. 6 shows a manner of forming multi-lateral production 
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weJIbores from an access wellbore formed in the producing formation 82 In 
this configuration, the access wellbore 20 is formed as described ^bove with 
in reference to FIG. 1. Additionally, the remaining wellbores are fonned as 
d^-scribed in reference to FIGS, 2-5 with the exception of wellbores llOa and 
- tt^^^^^ a Sfecbna acc&^is wi5«b6r^ 4D2 is formed frdm the access 

w§HbDre 20 into the fbrmStibn 82f A d^fi^ed huirtibe^ of b^^^^ 
-r^?40i4^.if are then fomi^^^ a^iS&ss wtellbore 400 

' fbiTTiatiort 82: seals 406a-d are fbrm^ between the access^w^ljbore 402 
^ ali^ tiranch Wellbore^ 404i-drespe^^^^^ 

producihg formation 82 by ^riy suitable nri^thb^^ branch 
wellbores are 404a-d are f^ecti^^^m^rited at Fluid flow 

control devices are preferably placed in each of the produang branch 
wellbores to independently adjOst the fluid flow through each such production 
^Vveilbttre. In each of tfte weilbbr^ bbh^rgurafiohrhere various fluid flow 
coiitror cfev^ices may comrtiuriic^le vvith ebch bther to control the 
cbn-feSf>Dhding fluid flows and/or Wiay be t^ntrolfed iri^e^jender^^^ from a 
remote 16caUon sUch as th^ surface. 

FIG. 7 shows an alternative rtiethod of forming welit>ores. In this 
method, the primary wellbore 20 is formed away from some of the reservoirs, 
siich as reservoirs siz and 84. and drilled into some of the reservoirs, such as 
a reservoir 420. Hydrocarbons from the formations 82. 84 and 420 may be 
produced in the manner described above or by any other known method. 
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Such a method is useful when it is desired to drill the prirnary access wellbore 
into one or more reservoirs.. such as reservoir 420. and avoid drilling it in to 
one or more reservoirs, such as reservoirs .82 and 84. Such a method allows 
placing the primary access wellbore along an optimal path, and allows the 
production of hydrocarbons from each such reservoir. It should be noted that 
: additionai access wellbores (not, shown), similar to the wellbore 112. may be 
formed from the prirnary access wellbores intd the reservoir 420. . 

FIGS. 8A and 8B show the use of rpulti-paths for flpwing fluids through 
the access wellbore 20. FIG. 8A shows two concentric conduits or tubings, 
having an outer tubing 450a and an inner tubing 45pb. More than two 
coiicenlric tubings may also be utilized. These concentric lubings may be 
utiiized instead of the single tubing 240 as shown in FIGS. 4 and 5. Fluid 
flow coritrol devices 452a and 452b are installed respectively in tubings 450a 
and 450b to control the floW of the fluids through their associated tubings. 
. Such an=^rrangement allows for better control of the fluid flow compared to 
the single tubing 240. New wellbores lend to producfe larger amounts of 
hydrocarbons, which amounts gradually reduce as the producing formations 
are depleted. In such cases, for high production ratds; the larger (outer) 
tubing 450a alone or in conjunction with the inner tubing 450b may be utilized 
■for flowing fluids> to the surface. This may be accomplished by opening the 
devices 452a and 452b. As the fluid flow decreases due. to change in 
■■ pressure or due lo the increased amount of water production, one of the 
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tubings may be closed AddttionaUyi this arrangement may be utilized to flow 
different materials to the surface: For example one of the tubings may be 
utilized to flow water and solids to the surface and the other tubing for flowing 
/V- hydrocarbons.-. ■; . ... 

FIG. 8B shows an alternative arrangement of .utiUzing niulUple tubings 
in vvellbore:: FIG. 8B shows the use of: two different sized tubings 470a and 
470b placed side-by-side In the access wellbore 20. Fluid flow control valves 

' 472a and 472b are respectively placed; In the tubiingsf 4?0a and 470b for 

i controlling the fluid flows through theiri respective tubings; The flow through 
these tubings rriay be controlled by independently controlling the flow control 

; devices 472a and 272b. The flow eontrpl valves sbov^^ in FIGS. 8A and SB 
are preferably remotely coritrollable from the surface. The above described 
airrangemenlsiprovide for betteri^htcolr of the flow of fluid through? the access 
wellbore 20 over , the life of ;ihe producing cwell^^^^^ requiring 
secondary work to insert smaller tubings=afterrthe;completion of -the access 

- wellt)ore 20.. >.^v 

FIGS. 9A and. 9B sht>w an apparatus which may be utilized for placing 
into and retrieving from any of the wellbores ; equipment and materials. FIG. 
9A shows an access wellbore 510 having an inside diameter "d,'' and branch 
wellbores 512a^ with respective diameters d^^. Each of the diameters d^^ is 
smaller than the diameter d,. The device or tool 520 to be moved into a 
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desir^ branch wellbbre is detachably attached of coupled to a carrier 522. 
This can be accomplished by: making the^size of the carrier 522 greater than 
each of the openings ^14a-c The dimensions of the carrier are such that it 
maybe passed over the branch wellbor^S 5t2a:^c: To convey th^^^ 520 
into^a desiTfed wellbOrevnhe carrier 522 is coupletftb a 'conv^yinrd^vice 524. 
such as a tgbingv The- device 520 is coupte^ or the 

conveying device 524: The conveying device is then moved in thfe wellbore 
510 to posftlon the earner 522 before t^ desired wellboi^6: For ^i<ample. if 
the device 522 is to b6 convfeyed into the wellbore 5l5b, the carrier is 
positioned aS^hdvvrV by the dbttfed lines 522- bWbre th6 wellbore 512b. The 
darriSf 520 is then detached from the fcbhv^eying device 524 while leaving the 
device 520 attached to the conveying device ^24. The device 520 is then 
conveyed by the convening devid^ into the wellBofe 512b. Since the device 
" 52 is smaller than thfe opening of the \^eilbore 512b. the device 520 may be 
conveyed in to the wellbore by utilizing any of the techniques known in the 
art. After the device 520 has been properly positioned in the wellbore 512b. 
the conveying device is detached from the device 520 and used to retrieve 
' the carrier 522 from the access wellbore 510. To retrieve a device from any 
of the wellbores. the process described above is reversed. Fluids, such as. 
chemicals and other materials, may also be conveyed into a desired wellbore 
in the manner described above. 
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In an alternative i^mbodtment. as shpvyn in FIG. 9B, the carrier 540 
incluGles a number of adjeistable. members 532. each member preferably 
: being independently adjustable radially: Such ipembe 
adjustable or remotely adjustable so that they expand^and collaf^e about the 
body 530, Tp convey a device,, the adjustable members .are. .moved to 
st^itable positions to convey the tfeyice §20. If remotely adjustable members 
are utilized, the carrier may not , need to be detached.,prior to c^^ the 
. device into a:;destination ^^^ltoQl^. . IMhe.deslination ,^^^ 
^ large to. accommodate both the camej:, and the , device to then 
the cpmbination may . be, conveyed, into the destinatipn vyellbore and the 
carrier detached after positioning the <^pf in the deslinatiorr wellbore. 
Such a barrier may be utilized to retrieve a device from the wellbore with the 
members cqllapsed ta the ^pdy, whiph are then expanded to pa^s over other 
brancti v^Hbores . and repositioned to convey the device into a second 



'5 wellbore. 
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While the foregoing disclosure is directed to the prefen^ed 
embodiments of the invention, various modifications will be apparent to those 
skilled in the art. It is intended that all variations within the scope and spirit of 
the appended claims be embraced by the foregoing disclosure. 
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rVaims 



1. A method of producing a hydrocarbon, from a . . . 
subsurface formation comprising^: ^ v; ;> 

(a) forming a wellbore into the subsurface 

formation for producing the hydrq^arbon , , f 

..,^.,theref rpm;-...eind : , . _ •;;-■<■;■;> .■i:^!:::'', 

(br^'converting downhole the hydrocarbon pr^^^^ 
into a refined madferial haiving chferaical 
structure different from the hydrocarbon 
produced from the subsurfac? foinpation.. . . 

15 2. The method as claimed J^n clai.m le,,w^ 

ref ined that erial is octane. ' . . 

' . 3 . • - ;rhe method as claimed in .claim 1 , therein , the 
refined material is benzene,^: . 



4 . . The method, as claimed-:.in ©laim. 1. .wherein tbe. 
refined material is toluene. 



5. The method as claimed in claim 1, wherein the 
25 refined material is methanol. 
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The method as claimed in any preceding claim, 
wherein the conversion of the hydrocarbon is done in 
branch wellbore. 
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